Long-time exposure to toxic trace metals such as arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc even at low concentrations can be deleterious to human health. [8] The main objective of this research is to study the effect of fire smoke on Saudi firefighters of Dammam and Khobar cities in the Eastern Province by evaluation of the serum biochemical, blood hematological, and blood heavy metals changes in those firefighters and compare them with normal controls.
MaterIals and Methods
The study protocol was approved by the Local Ethics Committee. A written informed consent was obtained from all participants. Two groups of male firefighters volunteered to participate in the study: The first group included 50 firefighters from Dammam. The second group included 50 firefighters from Khobar. An additional group of 50 male nonfirefighters volunteered from both cities as normal controls, age ranging from 20 to 55 years.
All firefighter volunteers were randomly chosen for participation regardless of the type of burning materials and scale of fire accidents they faced (household or industrial fire). An official coordination was arranged with the civil defense administrations to obtain their consent to conduct the research, and all participants were informed well about the objective and the course of the study. Ten milliliters of venous blood was withdrawn from each participant of the two firefighters groups, without anticoagulant for subsequent separation of serum and measurement of the required biochemical parameters.
Serum biochemical analysis
Dade Behring (Dimension ® Xpand ® , Clinical Chemistry System) instrument was used for the measurement of all biochemical parameters as blood urea nitrogen, serum creatinine, sodium, potassium, calcium, uric acid, phosphorus, total bilirubin, direct bilirubin, total protein, albumin, alkaline phosphatase (ALP), aspartate transaminase (AST), alanine transaminase (ALT), and gamma-glutamyl transferase (γ-GT). Lipid profile as total cholesterol, triglyceride, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) and cardiac profile as creatine kinase (CK) and lactic dehydrogenase were investigated. Iron profile by measuring serum iron, total iron-binding capacity, and serum ferritin was observed. This instrument is based on Integrated Multisensory Technology and manufactured by Dade Behring Inc., USA. [9] 
Blood hematological analysis
Coulter's GEN-S automated full blood counter was used to perform a complete blood count, platelets count, and 5-part differential manufacturing by Abbott Park. Peripheral blood smear was made for all participants, using an automated stainer, Wright stain. [10] 
Determination of blood heavy metals
Blood samples were used for analysis of heavy metals by adding 10 ml HNO 3 to 1 ml of blood and heated for 3-4 h, and then 1 ml HClO 4 was added to the same sample. Digestion process continued until the solution was clear. Inductively coupled plasma method was used to determine blood lead, cadmium, mercury, and antimony levels. [11] 
Statistical analysis
Statistical analysis was performed on a personal computer using Statistical Package for the Social Sciences version 19 (IBM SPSS statistics, 19th edn. IBM, New York). Data are presented as arithmetic mean ± standard deviation. Student's t-test was used for the determination of the significance of difference between sample means.
results Table 1 represents the characterization of the population studied where no significant difference in the levels of age or cigarette smoking was found.
From Table 2 and Figure 1 , it is evident that mean levels of liver enzymes, AST, ALT, and γ-GT, uric acid, LDL cholesterol (LDL-C), HDL, CK, and lactate dehydrogenase (LDH) were statistically significantly elevated in Dammam firefighters as compared to normal control group, while nonsignificant changes were observed in all other studied parameters as compared to normal control group.
From Table 2 , it is evident that mean levels of liver enzymes ALP, ALT, and γ-GT were statistically significantly elevated in Khobar firefighters as compared to normal control group, while nonsignificant changes were observed in all other studied parameters as compared to normal control group. Figure 1 show that ALT, AST, ALP, γ-GT, serum calcium, cholesterol, triglyceride, and HDL were statistically significantly elevated while nonsignificant changes were observed in all other studied parameters among two firefighters groups.
Table 2 and
In Table 3 and Figure 2 , no significant differences were found between firefighters and controls for most hematological parameters in both firefighters groups and controls, except for the platelet count in Dammam firefighters and Khobar firefighters in comparison with control group.
There was no statistically significant difference in blood heavy metals in Dammam firefighters as compared to normal control group, Khobar firefighters as compared to normal control group, and Dammam firefighters as compared to Khobar firefighters, respectively, as shown in Table 4 and dIscussIon Liver injury has long been associated with occupational exposure to a wide variety of chemicals. Its susceptibility to chemical injury is a result of its unique position within the circulatory system, and also because it is the primary organ for the biotransformation of chemicals within the body, as liver is the main organ involved in the metabolism of toxins and medicinal agents. [9] All body organs and tissues could be affected by such toxic compounds. As liver cells are damaged, ALT leaks into the bloodstream leading to a rise in the serum levels. Any form of hepatic cell damage can result in an elevation in ALT. [12] In the present study, a statistically Table 2 ], indicative of hepatic cell affection.
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For routine screening of chemicals that are known or suspected to cause hepatocellular injury, the ALT is considered to be the aminotransferase most specific for the liver. [6] Abnormal ALT can sound as an alarm to alert medical staff to the possibility of some kinds of liver problem, which require further medical workup. [13] Recent studies indicated that γ-GT in addition to ALT and AST is used as sensitive biomarkers for possible hepatocellular damage due to exposure to hazardous materials. [12] The increase in the level of ALT, AST, and γ-GT is a good indicator of hepatic toxicity.
Concerning aspartate transaminase
It is raised in acute liver damage, but is also present in red cells, cardiac and skeletal muscle, and is therefore not specific to the liver. The ratio of AST to ALT is sometimes useful in differentiating between causes of liver damage. Elevated levels are found in Dammam firefighters in comparison with control group. AST levels are raised in shock and after exercise, [14] which might point out to the difference in the types of fires they fight.
Another enzyme, γ-GT, is an indicator of early liver cell damage or cholestatic disease. Serum level of γ-GT is commonly elevated in patients with acute hepatitis although the rise in γ-GT is usually less than that of the transaminases. [15] Serum γ-GT may also be elevated in response to many toxins. Myocardial infarction, cardiac failure, diabetes, and pancreatitis can also increase serum γ-GT. [16] The present work showed statistically significant association in serum γ-GT among the studied groups [ Table 2 ].
Abnormal liver enzyme levels as elevation of total bilirubin level is considered as early signal for liver damage or alteration and might result in alteration in biochemical picture of livers as cirrhosis, hepatitis, and tumors and also observed in cases of intravascular hemolysis. [17] The results of the present study showed no statistically significant differences between the studied groups. However, as direct bilirubin is formed only by the liver, it is specific for hepatic or biliary disease as in obstructive liver diseases. The results of the present study showed no statistically significant differences in the level between the studied groups.
Furthermore, of the most important liver function tests is the measurement of serum protein and protein metabolites such as urea nitrogen. The present study showed nonstatistically significant differences in serum total protein and serum albumin between the studied groups. Serum urea nitrogen measures the amount of urea nitrogen waste product of protein catabolism by the liver. An elevated serum urea nitrogen may be caused by impaired renal function, congestive heart failure as a result of poor renal perfusion and dehydration. [18] The present results revealed that no statistically significant association in the level of serum urea nitrogen between the studied groups. A recent study found significant correlations between serum polycyclic biphenyls concentrations and levels of liver enzymes and lipids profile as HDL and LDL lipoproteins. [16] Concerning kidney functions tests, no statistically significant differences were found among the three groups, except for serum uric acid between Dammam firefighters and control subjects.
In this study, results of lipid profile in Dammam firefighters indicated that only LDL-C was statistically significantly elevated (P < 0.01) as compared to normal control group. However, there was no statistically significant change in all lipid profile of Dammam firefighters as compared to Khobar firefighters and normal control group.
A recent study established a health surveillance program for firefighters. They found that serum lipid profile was normal or unchanged from preexposure baselines. The lipid profile of firefighters did not change much from normal control group, except for the Dammam firefighter LDL-C mentioned above. The lipid profile in relation to other cardiovascular disease risk factors in 321 firefighters was evaluated at a baseline examination. [19] Our results indicated that there was no statistically significant change in blood glucose level on comparison between all studied groups. The decrease in blood glucose following 90 min of recovery is of potential concern for firefighters. Although the recovery blood glucose value was still within a normal range, it is relatively low among firefighters. [19] In fact, approximately 30% of the firefighters were clinically hypoglycemic at the end of the recovery period. Given that symptoms of hypoglycemia include weakness, nervousness, anxiety, and sweating, this could be a serious problem for firefighters. The low blood glucose values suggest that following strenuous firefighting activity, a firefighter may benefit from consuming carbohydrates, in addition to replacing fluid loss, prior to subsequent activity. [20] Any elevated CK result automatically reflexes to myocardial infarction and muscle diseases. CK may also be elevated following muscle injury or strenuous exercise. [21] In this study, CK was statistically significantly increased in Dammam firefighters (P < 0.001) as compared to normal control group. However, there was no statistically significant difference between Dammam firefighters and Khobar firefighters as shown in Table 2 . Asingle case study [22] reported that CK level raised to a maximum of 3277 U/L (normal, <100 U/L) in a 39-year-old cigarette smoking fireman.
LDH is most often measured to evaluate the presence of tissue or cell damage. [23] In the present study, LDH was statistically significantly elevated in Dammam firefighters (P < 0.001) as compared to normal control group. However, there was no statistically significant difference between Dammam firefighters and Khobar firefighters as shown in Table 2 . A previous study found that there was a significant elevation in LDH activity postexposure to fire smoke in firefighters. [24] No significant differences were found between firefighters and controls for most hematological parameters in both firefighters groups and controls, except for the platelet count in Dammam firefighters, Khobar firefighters in comparison with control group. Serum iron and serum ferritin levels were statistically significant in Dammam firefighters and Khobar firefighters as compared to normal control group while there was no statistically change in hemoglobin level among all study groups. The main toxic effects resulting from chronic exposure to cadmium are tubular dysfunction and disturbance in calcium homeostasis and bone metabolism. In humans, cadmium is considered to be a suspect carcinogen for the lung, the kidney, and possible the prostate. [22, 25, 26] There was no statistically significant difference in blood heavy metals in Dammam firefighters as compared to normal control group, Khobar firefighters as compared to normal control group and Dammam firefighters as compared to Khobar firefighters, respectively, as shown in Table 4 and Figure 3 . Two populations (firefighters and the general population) were surveyed in four cities for urine heavy metal concentrations. Cadmium levels were significantly related to smoke exposure. This is in accordance with the studies [27] [28] [29] which stated that mercury levels were not higher in exposed firefighters.
Firefighters exposure to heavy metals has been documented in smoke and on turnout gloves. Firefighters exposure to heavy metals has been documented in both structural and wildland fires. Bolstad-Johnson et al. [30] identified lead in air samples taken during overhaul, whereas Fabian et al. [31] found metals (including lead, manganese, and mercury) on firefighter gloves from smoke and soot deposition, indicating the potential for additional exposure when gloves are removed. Hence, the most common heavy metals contamination during firefighter exposure to smoke and toxic gases are blood lead, mercury, antimony, and cadmium and also it depends on the burned materials and type of fire.
conclusIon
From the present study we can conclude that biochemical and hematological changes among Saudi firefighters are mostly affected especially biochemical parameters as mean levels of liver enzymes, AST, ALT, and γ_GT, uric acid, LDL cholesterol (LDL_C), HDL, CK, and lactate dehydrogenase (LDH) were statistically significantly elevated in Dammam firefighters. However, among Khobar firefighters the mean levels of liver enzymes ALP, ALT, and γ_GT were statistically significantly elevated. Nevertheless, the main hematological parameters changed are platelet count in Dammam and Khobar firefighters. Additionally, there was no statistically significant difference in blood heavy metals in Dammam firefighters and Khobar firefighters. Preventive measures should be taken to avoid risk of exposure to toxic air pollutants and hazardous materials and fire products. Such results might point out to the need for more health protective and prophylactic measures to try to avoid such hazardous health effects that might endanger firefighters under their highly drastic working conditions. Besides using of personal protective equipment for firefighters to protect them against exposure to toxic materials of fire smoke, it is recommended that firefighters must be under continuous medical follow-up through a standard timetabled medical laboratory investigations to allow for early detection of any biochemical or hematological changes that might happen during their service lives and to allow for early treatment whenever necessary.
